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Summary Honey acceptability is mainly determined by its colour, crystallisation degree and aroma. In the present
work, the sensory characteristics and physicochemical parameters of Argentinean honeys from different
ecoregions were analysed. Moisture content, Pfund colour, diastase activity, hydroxymethylfurfural con-
tent, electrical conductivity, sugar profile and volatile compounds were analytically determined in honey
samples, while sensory characteristics (crystal size, fluency score, sweetness, persistence, granularity, crys-
tallisation, colour intensity and aroma) were evaluated by a trained panel. Significant correlations were
found between honey crystallisation degree and hydroxymethylfurfural content and diastase activity
(P ≤ 0.05). It could be confirmed that honey crystallisation interferes with the visual perception of colour.
Floral, fresh fruit, ripe fruit, balsamic and wood aromas could be successfully linked to honey volatile
profile (P ≤ 0.05). These results demonstrate that the parameters that could best guarantee the consumers’
preference can be successfully associated with the chemical composition of honey by multivariate statisti-
cal analysis.
Keywords Aroma, colour, crystallisation, honey, multivariate analysis, sensory analysis, volatile compounds.
Introduction
Honey is a well-accepted aromatic natural product
with a distinctive flavour. It is mainly composed of
carbohydrates (60%–85%) water (12%–23%) and
some other minor components (Machado De-Melo
et al., 2017). Moreover, honey is considered an impor-
tant source of antioxidants with significant benefits for
health, mostly related to the presence of phenolic com-
pounds (especially flavonoids) (Patrignani et al., 2015;
Castiglioni et al., 2017). On the other hand, other
products such as propolis and bee pollen have also
shown beneficial effects. Boufadi et al. (2016) con-
cluded that propolis extracts presented high antimicro-
bial activity, while Zhao et al., 2017 have indicated
that bee pollen could be considered a potential func-
tional food.
Chemical composition and botanical origin of honey
define its sensory characteristics and acceptability.
Therefore, an accurate understanding of the correla-
tions between its sensory and physicochemical charac-
teristics is a fundamental issue to establish the
parameters that could best guarantee the quality of
this product. The present work focuses on three honey
characteristics that strongly define its acceptability and
buying intention of consumers: aroma, colour and
crystallisation degree (Belay et al., 2015; Brscic et al.,
2017).
Argentina is the second largest honey exporter after
China, and the quality of its products is recognised
worldwide (Patrignani et al., 2015). Nevertheless,
honey is mainly sold in bulk without any floral*Correspondent: Fax: +54 221 425 4853;
e-mail: cel@quimica.unlp.edu.ar
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classification, and there is only limited information on
its sensory characteristics (Ciappini et al., 2016).
Besides, the association between the physicochemical
characterisation of Argentinean honeys and their
flavour and texture parameters remains unstudied.
Therefore, the goal of the present work was to con-
tribute to the understanding of the complex world of
honey flavour and acceptability. Hence, a complete
description of several physicochemical parameters and
sensory characteristics was performed, and their corre-
lations were analysed in detail.
Material and methods
Honey collection
A total of 25 honey samples harvested in 2014 from
four different ecoregions of Argentina were collected
directly from producers (six honey samples from
Pampa, six samples from Parana Delta and Islands,
six samples from Espinal and seven from Patagonian
Forest (Fig. S1). Pampa, Parana Delta and Islands,
and Espinal ecoregions are located in Buenos Aires
province, the most important apicultural region of
Argentina (Patrignani et al., 2015). Patagonian forest
is located in the southwest of Argentina; although it is
not an important apicultural region, it lacks human
intervention and offers possibilities for a contamina-
tion-free apiculture industry (Forcone, 2008).
Sensory determinations were performed immediately
after obtaining the honey samples. Then, samples were
stored in the dark at 20 °C until physicochemical
analysis.
Analytical determinations
Diastase activity after Schade, hydroxymethylfurfural
(HMF) content after White, moisture (refractometric
method), electrical conductivity and sugars (fructose,
glucose, sucrose, turanose, maltose, trehalose, melezi-
tose, melibiose and raffinose) by HPLC were analysed
in accordance with Bogdanov (2002).
Colour measurement
Honey colour was measured on the Pfund scale (mmP-
fund) using a photometer with direct read-out
(HANNA HI-8322 honey colour analyser, Romania).
Volatile compound analysis
Each honey sample (10 g) was accurately weighed and
diluted with 10 g of pure water. Then, 15 lL of the
internal standard styrene solution (10 lg mL1 in ace-
tone) was added. The extraction, separation and char-
acterisation of volatile compounds were performed in
accordance with Tananaki et al. (2007). Samples were
heated at 40 °C and directly purged with helium gas
(30 mL min1) during 30 min (purge and trap system
O.I. Analytical, 4552). The volatile compounds were
collected on a sample concentrator OI Analytical 4560.
Then, the trapped compounds were desorbed by rais-
ing the trap temperature at 180 °C for 7 min. The
isolated compounds were separated with an Agilent
Model 6980 gas chromatograph, coupled with an Agi-
lent 5973 mass detector (electron impact mass spectra
70 eV). Separation was performed on a capillary col-
umn SGE BPX5 (30. m/0.25 mm/0.25 lm). Oven tem-
perature is as follows: 40 °C for 5 min, then to 55 °C
at 1 °C min1, to 120 °C at 3 °C min1, to 230 °C at
10 °C min1 and to 280 °C at 20 °C min1. This tem-
perature was held for 5 min (injector temperature:
220 °C). Helium was used as the carrier gas (flow
1 mL min1). The isolated volatile compounds were
tentatively identified by comparing the mass spectra of
unknown peaks with those stored in the National
Institute of Standards and Technology (NIST) library
with a similarity threshold higher than 75%. The rela-
tive concentration of each isolated compound was cal-
culated as the relative peak area, by dividing the peak
area of the isolated volatile compound by the peak
area of styrene (Silva et al., 2017).
Sensory analysis
A panel of 12 highly qualified assessors selected and
trained following IRAM standards (IRAM 20005-1:
1996) evaluated the odour, appearance and colour of
honey, as described in IRAM 15980-1:2014 and
IRAM, 19962: 1995. Briefly, the colour intensity,
sweetness, salty, sour and bitter taste, persistency as
well as several parameters associated with the crystalli-
sation of honey samples (the scale of granularity, flu-
ency, crystallisation and crystal size) were determined
on a seven-point scale, where zero indicated no prop-
erty (Ciappini et al., 2016). The ‘granularity’ parame-
ter was related to the perception of the crystal size and
number in the mouth, whereas ‘crystallisation’ refers
to the presence of crystals. Finally ‘fluency’ and ‘crys-
tal size’ were appearance parameters visually evaluated
(Ciappini et al., 2013).
Aroma attributes were grouped into odour families,
as recommended by Piana et al. (2004) with slight
modifications (Ciappini et al., 2013; IRAM 15980-
1:2014). Panellists had to select the descriptors they
considered appropriate from a list of pre-established
words that define honey aroma (Table S1).
Pollen analysis
The pollen content was analysed according to Louveaux
et al. (1978).
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Statistical analysis
The statistical differences of the analytical determina-
tions were obtained through an analysis of variance
(ANOVA) followed by Fisher’s test at 95% confidence
level (P ≤ 0.05).
The sensory analysis results were processed using
multivariate statistical techniques involving principal
component analysis (PCA), correspondence analysis
(CA) and canonical correspondence analysis (CCA)
(CANOCO 5, Biometris, Netherlands). Prior to these
analyses, data were standardised and centred.
PCA was performed in order to find similarities
between the honey samples according to their sensory
parameters. In this way, it was possible to recognise
different sets of honey samples characterised by their
odour intensity, sweetness, persistency and the parame-
ters associated with their crystallisation. PCA reduces
the dimensionality of the data set by transforming it
into a new set of variables (the principal components)
without losing much information (Patrignani et al.,
2015). A high absolute value of a standardised variable
indicates an important contribution to the principal
component (Truzzi et al., 2014). According to the Kai-
ser’s criterion, only principal components with eigen-
values >1 should be considered in the analysis (Grane
& Jach, 2014). These values indicate the importance
measure of an ordination axis (Braak & Smilauer,
2012). To evaluate the linear correlations between sen-
sory parameters and psychochemical characteristics,
Pearson’s coefficients were calculated.
To obtain a suitable description of the odours that
best described the honey samples, CA was performed.
CA is a generalised PCA recommended for the analy-
sis of qualitative data (Valentin et al., 2012) that offers
a visualisation of the similarities between products,
between descriptors and the associations between
products and descriptors (Kostov et al., 2014).
Table 1 Mean and standard deviation of physicochemical parameters and sugar content of Argentinean honeys
P(ANOVA)*
Patagonian
Forest (n = 7) Espinal (n = 6) Pampa (n = 6)
Parana Delta and
Islands (n = 6)
HMF (mg kg1) 0.157 3.27  4.86a 5.89  2.68a 15.47  13.10a 24.7  32.54a
Diastase activity 0.096 21.13  5.48a 29.58  6.31a 24.77  4.72a 23.8  8.46a
Conductivity (mS cm1) 0.001 0.66  0.27b 0.38  0.4a 0.23  0.09a 0.4  0.05a
Pfund colour (mmPfund) <0.001 69.13  20.27b 58.17  25.10b 28  8.17a 73.67  17.40b
Fructose (g/100 g) 0.094 34.34  1.90a 35.56  1.92a 35.11  0.78a 36.87  2.15a
Glucose (g/100 g) 0.067 25.69  2.30a 27.53  2.37a 27.28  0.42a 26.2  1.34a
Sucrose (g/100 g) 0.077 0.91  0.43a 0.19  0.47a 0.27  0.42a 0.53  0.58a
Turanose (g/100 g) 0.672 1.12  0.51a 0.98  0.46a 1.03  0.26a 0.82  0.1a
Maltose (g/100 g) 0.232 1.84  0.82a 1.82  1.00a 1.28  0.32a 1.14  0.4a
Trehalose (g/100 g) 0.196 Nd 0.17  0.42a 0.15  0.28a 0.47  0.58a
Melezitose (g/100 g) 0.002 3.93  3.62b Nd Nd 0.88  1.07a
Nd, Not detected.
Different letters within each row indicate significant differences among regions according to Fisher’s test (P ≤ 0.05).
*The statistically significant values (P ≤ 0.05) are reported in bold.
Table 2 Pearson’s correlation coefficients of the sensory and physicochemical characteristics of honey
Conductivity HMF
Colour
Pfund
Diastase
activity Fluency Crystallisation
Crystal
size Sweetness Persistency Granularity
Conductivity 1
HMF 0.27 1
Pfund colour 0.69* 0.15 1
Diastase activity 0.31 0.4* 0.24 1
Fluency 0.29 0.07 0.3 0.13 1
Crystallisation 0.29 0.15 0.19 0.07 0.96* 1
Crystal size 0.35 0.18 0.34 0.4* 0.58* 0.51* 1
Sweetness 0.16 0.03 0.12 0.2 0.21 0.14 0.05 1
Persistency 0.01 0.09 0.14 0.09 0.08 0.15 0.2 0.05 1
Granularity 0.26 0.42* 0.01 0.16 0.1 0.24 0.29 0.24 0.24 1
Colour intensity 0.47* 0.3 0.86* 0.28 0.51* 0.4* 0.38 0.13 0.27 0.05
*Significant correlation (P ≤ 0.05).
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A CCA was carried out to find correlations between
the aroma of honey samples and the volatile com-
pounds. In an attempt to eliminate noise, only aroma
descriptors found in more than 20% of the honey sam-
ples were considered in this analysis (Sch€uttler et al.,
2015). Then, to find the explanatory variables that best
explain the aroma of the honey samples, only volatile
compounds with P-values lower than 0.05 were consid-
ered for the test (Braak & Smilauer, 2012). If the P-
value associated with the CCA was lower than 0.05, it
could be concluded that the selected volatile com-
pounds had a significant effect on the aroma of honey
samples (Braak & Smilauer, 2012). In the same way, a
second CCA was performed to analyse the associa-
tions between the aroma of honey samples and their
botanical origin.
Results and discussion
Physicochemical characteristics of honey samples
Results of the physicochemical analysis of honey sam-
ples can be seen in Table 1. It is important to consider
that honeys from Argentinean ecoregions present a
broad and varied pollen spectrum, which result in a
great diversity of honeys (Fagundez & Caccavari, 2006).
In addition, the present study was performed with bee
colonies under natural conditions. These factors could
explain the standard deviations observed in the honey
parameters (Table 1) (Lichtenberg-Kraag, 2014).
In accordance with the Codex Alimentarius and EU
Directive 110/2001, none of the analysed samples
exceed the 20 g/100 g of water content and the dias-
tase activity in all of the samples was higher than the
8 G€othe units required as quality criteria by the Codex
Alimentarius (Bogdanov et al., 1999) (Table S2).
Table 2 shows Pearson’s correlation coefficients of
some sensory and physicochemical parameters of
honey. As expected, a significant negative correlation
(P ≤ 0.05) was found between HMF content and dias-
tase activity.
Honey colour may determine its price in the market
(da Silva et al., 2016). Honeys from Pampa ecoregion
showed the lowest value of Pfund colour (P ≤ 0.05)
and could be classified as ‘light honeys’. Moreover, a
significant correlation was found between honey con-
ductivity and Pfund colour (Pearson’s correlation coef-
ficient r = 0.69, P ≤ 0.05) (Table 2). This could be
related to the mineral content of honey samples: a
high mineral content leads to a high conductivity in
honeys and to darker products (da Silva et al., 2016).
Sugars
No significant differences were found in fructose, glu-
cose, sucrose, turanose, maltose or trehalose content in
Patagonian Forest Espinal Pampa Parana Delta and Islands
PC1
PC
2
Figure 1 PCA-biplot of sensory analysis of
Argentinean honey samples from different
ecoregions.
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honeys from different regions (P > 0.05) (Table 1).
Melibiose and raffinose were only found in one sample
and were discarded form the statistical analysis. The
amount of sucrose is a very important parameter in
evaluating the maturity, early harvest or adulteration
of honeys (da Silva et al., 2016). In the honey samples
analysed, the sucrose content was lower than 1.5 g/
100 g, which is adequate according to the Codex Ali-
mentarius (Bogdanov et al., 1999).
The trisaccharides melezitose and raffinose are con-
sidered to be indicators of honeydew honey. Samples
from Patagonian Forest presented the highest amount
of melezitose (P ≤ 0.05) (Table 1), but raffinose was
only found in one simple and in a low content (2.3 g/
100 g). Moreover, in the present work, most of the
honey samples from Patagonian Forest ecoregion
showed a low value of electrical conductivity which
may correspond to blossom honey (≤0.8 mS cm1)
(Table S2) (Bogdanov et al., 1999). Besides, the melis-
sopalynology analysis showed that honeydew elements
were scarce.
Sensory characteristics
To achieve a good representation of sensory character-
istics, a PCA was performed (Fig. 1). PC1, PC2 and
PC3 showed eigenvalues >1 were considered in the
analysis. But only the first two contained >20% of the
explained variation (Table S3). Therefore, the interpre-
tation of the PCA was limited to the first two axes
(Peltier et al., 2015) which explained the 63.5% of the
total variance. As indicated in Fig. 1, samples from
Pampa could be characterised by high values of crys-
tallisation.
Different studies have provided information on the
relationship between the main sugars in honeys (fruc-
tose and glucose) and moisture with its crystallisation
tendency. It is widely accepted that the ratio of fruc-
tose/glucose indicates the ability of honey to crys-
tallise, as the glucose is less soluble in water than
fructose (El Sohaimy et al., 2015). However, it has
been indicated that the glucose/moisture ratio could be
a better indicator than the fructose/glucose ratio for
the prediction of honey crystallisation (El Sohaimy
et al., 2015). According to Manikis & Thrasivoulou
(2001), honey generally crystalises fast when this ratio
is ≥ 2.1. In the present work, in all the Argentinean
honeys analysed, this ratio was lower than 2.1. There-
fore, it could be concluded that none of the studied
samples had a tendency to fast crystallisation. On the
other hand, significant correlations were found
between the HMF content and the granularity of
honey samples (P ≤ 0.05); moreover, the size of the
crystals in honey samples was significantly correlated
Patagonian Forest Espinal Pampa Parana Delta and Islands
Factor1
Fa
ct
or
2
Figure 2 CA-biplot of aroma descriptors of
Argentinean honey samples from different
ecoregions.
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with the diastase activity (P ≤ 0.05) (Table 2). Diastase
activity and HMF content are considered indicators of
ageing and/or overheating of honey samples, as the
enzyme activity decreases while the HMF increases in
these conditions (Machado De-Melo et al., 2017).
Hence, it could be considered that the crystallisation
of honey samples was determined mainly by the stor-
age conditions of the samples (time and temperature),
as samples with high levels of HMF and low levels of
diastase activity presented the highest crystals size and
granularity. In good agreement with these results,
Lupano (2007) indicated that the crystal size of honey
increases with the storage time, while the storage tem-
perature affects the crystallisation degree and the crys-
tal size.
Colour intensity determined by the trained panel was
significantly correlated with the Pfund colour (r = 0.86,
P ≤ 0.05). Besides, significant correlations (P ≤ 0.05)
were found between the colour intensity and the fluency
and the crystallisation of honey samples (r = 0.51 and r
=0.4, respectively) (Table 2). This indicates that hon-
eys with lower crystallisation and higher fluency were
perceived as darker by the panellists.
Aroma evaluation
In the present work, a total of 19 aroma descriptors
were found in honey samples (Table S2). A CA was
performed to determine the relationships among the
different honey production regions and the attributes
of the samples (Fig. 2). This analysis showed that two
factors accounted for 24% of the variability of the
data. Similar explained variance results were found in
sensory analysis with nontrained and trained panellists
(Veramendi et al., 2013; Kostov et al., 2014). This low
proportion is expected considering the complexity in
the odour sample profile, besides when CA is used to
analyse a sorting task, it could underestimate the pro-
portion of explained variance (Veramendi et al., 2013).
Rinnan et al. (2015) have indicate that, although CA
is by far the most common analytical tool applied in
this type of response data, the model does not contain
any information regarding the uncertainty in the dif-
ferent attributes (which accounts for a large part of
the data variation). Therefore, the multivariate data
analysis efficiently separates the information from the
noise associated with the uncertainty. But, as the noisy
part of the data is large, the explained variation could
seem to be rather low. However, it is important to
notice that CA explains the part of the data which
holds the information of interest (Rinnan et al., 2015).
Figure 2 shows the projection of the attributes and
the samples in a factorial plane obtained by the CA.
According to the distribution of attributes in the
plane, it can be seen that floral, fresh fruit and cou-
marone aromas were associated. These terms were
mentioned with similar frequency for several samples,
so they are situated near the coordinate centre
(Orjuela-Palacio et al., 2014). However, some samples
from Pampa, Espinal and Parana Delta and Islands
ecoregions could be better related to aromas such as
anethole, balsamic, malted odour, moist, chemical and
animal.
Correlation between aroma descriptors and volatile
compounds
Volatile and semi-volatile compounds in honey deter-
mine its aroma. In the present work, a total of 110
volatile compounds were determined in the samples
analysed (data not shown). However, not all volatile
compounds have a significant contribution to honey
aroma (Siegmund et al., 2017). Therefore, only volatile
compounds that showed a significant effect on the
honey aroma were considered (P ≤ 0.05).
CCA was used to analyse correlations between the
volatile compounds found in honey and their most fre-
quent aroma descriptors: ripe fruit, wood, balsamic,
spicy, floral and fresh fruit. A total of ten compounds
were found to be significantly correlated with these
aromas (P ≤ 0.05): ethyl octanoate (P = 0.0004);
–2 2
–3
3
4
5
9
6
3
8
10
2
1
7
Wood
Floral
Fresh fruit
Spicy
Ripe fruit
Balsamic
Figure 3 CCA-biplot of response variables (aroma descriptors: Ripe
fruit; Wood, Balsamic; Spicy; Floral and Fresh Fruit) and the
selected explanatory variables (volatile compounds): 1 ethyl pheny-
lacetate; 2 ethyl octanoate; 3 acetophenone; 4 unknown compound
(m/z: 57,85,128); 5 3-methyloctane; 6: 2-ethylhexan-1-ol; 7 dimethyl-
2-methylenebicyclo[2.2.1]heptan-3-one; 8: terpineol; 9: benzaldehyde;
10: myrtenal.
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unknown compound (m/z: 57,85,128) (P = 0.0027);
myrtenal (P = 0.0024), terpineol (P = 0.015), acetophe-
none (P = 0.0162); 2-ethylhexan-1-ol (P = 0.0185),
ethyl phenylacetate (P = 0.0358), dimethyl-2-methyle-
nebicyclo[2.2.1]heptan-3-one (P = 0.0446); benzalde-
hyde (P = 0.0478); 3-methyloctane (P = 0.0492)
(Table S4). The production region did not have any
significant effect on the aroma of honey samples
(P > 0.05). Moreover, a significant correlation between
honey aroma descriptors and the selected volatile com-
pounds was found (P = 0.001). Therefore, it could be
concluded that the chosen volatile compounds had a
significant effect on the aroma description of honey
samples. The CCA-biplot can be seen in Fig. 3; the
first two factors (F1, F2) account for 67.72% of the
explained fitted variation.
Esters are odour-active compounds that might
contribute to characteristic smells of fruits and flow-
ers (Tian et al., 2016). As illustrated in Fig. 3, the
esters ethyl phenylacetate and ethyl octanoate were
significantly correlated with ripe fruit aroma in
honey. In good agreement with this result, it has
been indicated that esters could be well associated
with fruity aroma notes and with sweet, strawberry,
raspberry juice aroma in buckwheat honey (War-
dencki et al., 2009).
Acetophenone has been described in honey from dif-
ferent floral origins, including Taraxacum officinale,
Robinia pseudoacacia, Brassica napus, Castanea sativa
and Lavandula angustifolia (Siegmund et al., 2017).
According to the present results, acetophenone and
unknown compound (m/z: 57,85,128) were strongly
linked to wood and balsamic odours. Castro-Vazquez
et al. (2012) also found significant correlations between
these descriptors and volatile compounds during honey
storage at different temperatures. These authors found
that some compounds (such as 3-dihydro-3,5-dihy-
droxy-6-methyl-4(H)-pyran-4-one, p-anisaldehyde and
2-furanmethanol) were also significantly correlated
with both: balsamic and wood odours.
Furthermore, 3-methyloctane, 2-ethylhexan-1-ol,
dimethyl-2-methylenebicyclo[2.2.1]heptan-3-one and
terpineol were strongly linked to the spicy odour per-
ception (Fig. 3). In line with this finding, Castro-
Vazquez et al. (2007) also indicated that terpineol was
an odour-active compound and it could be described
as a ‘green’ aroma.
As explained before, floral and fresh fruit aromas
were associated and mentioned with similar frequency
for several samples. Therefore, these descriptors are
close together (Fig. 3). Besides, it could be concluded
that these aromas were associated with the presence of
myrtenal and benzaldehyde. Although benzaldehyde
has been often been associated with sweet, almond
and marzipan aroma (Manyi-Loh et al., 2011), in
agreement with our results, it has also been indicated
that it might contribute to the fruity aroma of honeys
determined by sensory analysis (Tian et al., 2016).
Also in line with our findings, investigations performed
in Baccharis uncinella essential oil indicated that
myrtenal presents a floral aroma (Xavier et al., 2017).
The association between the aroma of honey sam-
ples and their botanical origin was also analysed by
CCA. Only clover honeys showed a significant correla-
tion with the aroma descriptors of the samples anal-
ysed (P = 0.012). According to the present results,
clover honeys showed a ‘floral aroma’ (CCA P-value =
0.01) (data not shown). Further work should be done
with a higher number of monofloral honeys to confirm
this hypothesis. Nonetheless, Ciappini et al. (2013)
have already indicated that clover honeys from Pam-
peana region (Argentina) could be characterised as a
subtle fruity and floral aroma.
Conclusions
In the present work, honeys from different ecoregions
of Argentina were analysed, and the correlations
between their sensory and physicochemical parameters
were evaluated in detail.
Results support the idea that the granularity and crys-
tal size of honeys with similar crystallisation tendency
(glucose/water ratio <2.1) are determined only by their
storage conditions. Besides, it could be confirmed that
honeys with lower crystallisation and higher fluency
score were perceived as darker by the assessors.
CCA can successfully be used to find correlations
between volatile compounds in honeys and their aroma
descriptors. In the Argentinean honeys analysed, ethyl
phenylacetate and ethyl octanoate were significantly
correlated with ripe fruit aroma. Acetophenone and an
unknown compound (m/z: 57,85,128) were strongly
linked to wood and balsamic odours. Besides, 3-methy-
loctane, 2-ethylhexan-1-ol, dimethyl-2-methylenebicyclo
[2.2.1]heptan-3-one and terpineol contributed to the
spicy odour. Finally, it was found that floral and fresh
fruit aromas were associated with the presence of myrte-
nal and benzaldehyde.
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Figure S1. Argentinean ecoregions where the honey
samples were harvested in 2014.
Table S1. Olfactory descriptors used in aroma evalu-
ation. Assessors had to indicate the family or subfam-
ily to which the odour belongs and its distinguished
notes whenever possible.
Table S2. Physicochemical parameters, aroma
descriptors and botanical origin of Argentinean honeys
from different ecoregions
Table S3. Eigenvalues, cumulative variance and
loadings of the variables for the first three principal
components (PC).
Table S4. Volatile compounds significantly associ-
ated to honey aroma, tentatively identified in samples.
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